A GHS-consistent approach to health hazard classification of petroleum substances, a class of UVCB substances  by Clark, Charles R. et al.
Regulatory Toxicology and Pharmacology 67 (2013) 409–420Contents lists available at ScienceDirect
Regulatory Toxicology and Pharmacology
journal homepage: www.elsevier .com/locate /yr tphA GHS-consistent approach to health hazard classiﬁcation of petroleum
substances, a class of UVCB substances0273-2300 2013 The Authors. Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.yrtph.2013.08.020
⇑ Corresponding author. Address: 5901 Woodland Road, Bartlesville, OK 74006,
USA.
E-mail addresses: okietox@gmail.com (C.R. Clark), richard.h.mckee@exxonmobil.
com (R.H. McKee), james.j.freeman@exxonmobil.com (J.J. Freeman), swickd@api.org
(D. Swick), s.mahagaokar@shell.com (S. Mahagaokar), glendapigram@chevron.com
(G. Pigram), LRoberts@chevron.com (L.G. Roberts), Chantal.smulders@shell.com
(C.J. Smulders), beattyp@api.org (P.W. Beatty).
Open access under CC BY-NC-SA license. Charles R. Clark a,⇑, Richard H. McKee b, James J. Freeman b, Derek Swick c, Suneeta Mahagaokar d,
Glenda Pigram e, Linda G. Roberts e, Chantal J. Smulders f, Patrick W. Beatty c
a Phillips 66, 420 S. Keeler Avenue, Room 1758-04, Bartlesville, OK 74006, USA
b ExxonMobil Biomedical Sciences, Inc., 1545 Route 22E, PO Box 971, Annandale, NJ 08801-0971, USA
cAmerican Petroleum Institute, 1220 L. Street NW, Washington, DC 20005-4070, USA
d Shell Oil Company, 910 Louisiana, Houston, TX 77002, USA
eChevron Energy Technology Company, 6001 Bollinger Canyon Road, San Ramon, CA 94583,USA
f Shell International, B.V., PO Box 162, 2501 AN, The Hague, The Netherlands
a r t i c l e i n f o a b s t r a c tArticle history:
Received 18 June 2013
Available online 8 September 2013
Keywords:
Petroleum substances
UVCB substances
Globally Harmonized System (GHS)
Category hazard classiﬁcation
Representative substances
GHS harmonization issues
Petroleum substance categories
Hazardous constituentsThe process streams reﬁned from petroleum crude oil for use in petroleum products are among those
designated by USEPA as UVCB substances (unknown or variable composition, complex reaction products
and biological materials). They are identiﬁed on global chemical inventories with unique Chemical
Abstract Services (CAS) numbers and names. The chemical complexity of most petroleum substances pre-
sents challenges when evaluating their hazards and can result in differing evaluations due to the varying
level of hazardous constituents and differences in national chemical control regulations. Global efforts to
harmonize the identiﬁcation of chemical hazards are aimed at promoting the use of consistent hazard
evaluation criteria. This paper discusses a systematic approach for the health hazard evaluation of petro-
leum substances using chemical categories and the United Nations (UN) Globally Harmonized System
(GHS) of classiﬁcation and labeling. Also described are historical efforts to characterize the hazard of
these substances and how they led to the development of categories, the identiﬁcation of potentially haz-
ardous constituents which should be considered, and a summary of the toxicology of the major petro-
leum product groups. The use of these categories can increase the utility of existing data, provide
better informed hazard evaluations, and reduce the amount of animal testing required.
 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-SA license. 1. Introduction
Large volumes of petroleum products are produced and traded
globally. While the products sold are generally similar in perfor-
mance and physical speciﬁcations, consistent representation of
their hazards has been challenging because of country differences
in chemical control regulations. Recognition of this problem has
led to an increasing trend toward global harmonization of hazard
classiﬁcations by authorities responsible for chemical control laws,spurred by the work of the UN’s Globally Harmonized System of
Classiﬁcation and Labeling of Chemicals (GHS). The intent of this
program, developed in 1992 through the United Nations Confer-
ence on the Environment and Development, is to strengthen na-
tional and international chemical management efforts by
providing a common basis globally, to deﬁne and classify chemi-
cals according to their hazards (United Nations, 2011 – The Purple
Book).
This global initiative consists of harmonized criteria for the clas-
siﬁcation of physical, health and environmental hazards, as well as
harmonized hazard statements and symbols to communicate these
hazards. A number of countries have adopted the general princi-
ples of GHS and incorporated them into national regulations.
Among these, the European Union (EU) adopted GHS as part of
its Regulation for the Classiﬁcation, Labeling and Packaging (CLP)
of Dangerous Substances regulation (EU/1272/2006). GHS was also
recently adopted in the US through amendments to the Occupa-
tional Safety and Health Administration’s (OSHA) Hazard Commu-
nication Standard (Federal Register, 2012).
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leum reﬁneries have been deﬁned as substances with unknown
or variable composition; more precisely they have been designated
by the U.S. Environmental Protection Agency (EPA), the federal
agency responsible for registration of chemicals, as UVCB sub-
stances (those with either unknown or variable composition, com-
plex reaction products or biological materials). There are
approximately 16,000 UVCB substances, examples of which in-
clude petroleum substances, ﬂavoring agents, fragrances, animal
fats and their derivatives, vegetable oils and their derivatives, nat-
ural oils and extractives, and biofuels. UVCB substance names, as-
signed by Chemical Abstracts Services, are usually accompanied by
deﬁnitions because the names are not adequately speciﬁc to per-
mit unambiguous identiﬁcation. While the intent of GHS is to cover
all hazardous chemicals it does not deﬁne UVCBs or offer speciﬁc
guidance on how the GHS framework should be applied to these
substances.
Because of the complex nature and variable composition of
UVCB substances, consistent hazard classiﬁcation may present
challenges, even with harmonized criteria for deﬁning hazards.
This is due in part to their chemical complexity but also because
there is very little speciﬁc guidance on how to address UVCB sub-
stances. GHS distinguishes between substances (individual enti-
ties, deﬁned by CAS number) and mixtures (those intentionally
formulated) and the process for hazard evaluation differs between
the two. The process for evaluating mixtures is generally based on
the hazards of their individual constituents and requires knowl-
edge of the identity and toxicity of the individual components. In
contrast, the constituents of UVCB substances are often undeﬁned
and no guidance is available under GHS for evaluating their
hazards.
This paper is intended as guidance to promote a consistent ap-
proach to hazard classiﬁcation of petroleum substances using the
GHS human health criteria. It relies on the notion that the reﬁning
processes which create the streams blended into various products
serve to increase their chemical similarities. The guidance is not in-
tended for application to all UVCB substances. It does not suggest
changes to the GHS principles or hazard criteria but rather pro-
vides insights into how petroleum substances can be logically ar-
ranged in groups or ‘‘categories’’ of similar substances for
purposes of hazard characterization and classiﬁcation. This catego-
rization approach evolved from knowledge gained from testing of
representative substances and its application can result in better
informed extrapolation of data from one substance to another. Also
provided is guidance on known hazardous constituents which
should be considered in classiﬁcation decisions.
Because the evaluation of physical hazards under GHS is based
on measured properties of the substance and classiﬁcation is
straight forward, it is not addressed in this paper. The assessment
of GHS environmental hazards is also excluded here; such hazards
are related to the environmental distribution of complex substance
constituents, as well as those physicochemical properties which
inﬂuence environmental fate and persistence. A model for predict-
ing aquatic toxicity of petroleum substances based on composition
has recently been described (Redman et al., 2012).2. Background
2.1. The nature of petroleum substances
The petroleum streams used in the manufacture of fuels, lubri-
cants and other products are derived from naturally-occurring
hydrocarbons, typically petroleum, which is commonly called
crude oil. The Chemical Abstracts Services (CAS) deﬁnition for
‘‘petroleum’’ (registry number 8002-05-9) describes it as acomplex combination of hydrocarbons which encompasses light,
medium, and heavy petroleum crude oils, as well as the oils ex-
tracted from tar sands. As is typical with natural source-based sub-
stances, crude oil exhibits compositional variability.
In the reﬁning process, crude oil is separated initially into a
wide variety of petroleum streams based on boiling point, many
of which undergo further processing steps, some involving chemi-
cal reactions, before being blended into products (Fig. 1). The com-
positions of the petroleum substances generated in reﬁneries are
inﬂuenced in part by the crude oil from which they are derived
as well as any additional reﬁning processes. The large number of
substances created a signiﬁcant regulatory challenge to EPA in
the late 1970’s when it established the initial TSCA Inventory of
commercial substances. Because the streams created in reﬁneries
had not previously been systematically identiﬁed and character-
ized, the principle question was how to describe petroleum sub-
stances for TSCA inventory purposes.
In cooperation with the American Petroleum Institute (API), and
based on CAS nomenclature rules and conventions, the US Environ-
mental Protection Agency (EPA) developed a subset of naming con-
ventions that could be used for identifying petroleum process
streams created by various reﬁning processes for inclusion on the
TSCA Inventory (API, 1983). The resulting petroleum-derived sub-
stances were identiﬁed by unique CAS numbers, names and deﬁni-
tions which can include the origin of the substance (i.e. derived
from petroleum), processing it had undergone, carbon number
ranges, boiling ranges, and sometimes viscosity or typical hydro-
carbon components (API, 1983). For example, light straight-run
naphtha is described as follows:
CAS 64741-46-4 – naphtha (petroleum), light straight-run – a
complex combination of hydrocarbons produced by distillation of
crude oil. It consists of aliphatic hydrocarbons having carbon num-
bers predominantly in the range of C4 through C10 and boiling in
the range of approximately 20 C to 180 C (4 to 356 F).
The CAS deﬁnitions were broad enough to account for differ-
ences between reﬁneries, and based on standardized nomenclature
and process parameters used by the industry which aided in iden-
tiﬁcation, grouping and characterization of the substances. CAS
names and deﬁnitions acknowledge the inherent variability but
also provide guidance to deﬁne the variable [or compositionally
similar] substances that can be assigned to that CAS number.
Approximately 850 petroleum ‘‘substances’’ are currently listed
on the US TSCA Inventory and approximately 700 were included
in the European Inventory of Existing Commercial Chemical Sub-
stances (EINECS).
The status of petroleum streams as unique chemical substances
has been recognized globally, and the nomenclature and CAS deﬁ-
nitions used for the US inventory have been adopted for inclusion
on the national inventories of the EU, Canada and other countries.
As new petroleum substances have been created, typically as a re-
sult of the introduction of new reﬁning processes or changes in
existing processes, new CAS numbers have been created and added
to these national inventories.
The manufacture of fuels and other petroleum products in-
volves separation of crude oil by distillation into streams which
can be blended into fuels and other commercial products or in
some cases sold directly as manufacturing feedstocks (Fig. 1). Some
petroleum streams can contain tens to thousands of individual
hydrocarbon constituents. In higher boiling substances the number
of individual hydrocarbon species increases, and consequently
their concentrations decrease so that most individual hydrocarbon
constituents are present at below 1%. It is often the case that indi-
vidual hydrocarbon constituents are not present at concentrations
high enough to signiﬁcantly inﬂuence toxicity. Attempting to
Fig. 1. Reﬁnery processes and categories.
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ual constituents, without making simplifying assumptions is not
practical because the constituents in higher boiling streams (great-
er than approximately C12) cannot all be individually identiﬁed.
Despite their variable composition, petroleum substances also
have many similarities. They are all derived from petroleum and
contain principally the same parafﬁnic, isoparafﬁnic, oleﬁnic,
naphthenic and/or aromatic hydrocarbon types. Furthermore,
petroleum streams used in the formulation of gasoline, kerosene
and diesel fuel products are intentionally reﬁned to each have sim-
ilar distillation and carbon number ranges so that the ﬁnal blended
products have the correct physical speciﬁcations. In the gasoline
blending industry for example, there are more than 100 different
‘‘naphtha’’ streams globally, all of which have carbon number
ranges predominantly between C4 and C12 and with typical distil-
lation ranges between 88 to 260 C. Thus, the reﬁning processes
which create these blending streams serve to increase their chem-
ical similarities. Because similar physical/chemical properties lar-
gely result in similar toxicological proﬁles, grouping of petroleum
streams into ‘‘product’’ groups or categories with similar physical
and chemical properties has become a useful tool in the hazard
characterization of petroleum substances.
2.2. Historical efforts to characterize petroleum substance hazards
The petroleum industry has been conducting toxicological
investigations of its products and process streams for at least the
last 60 years. Because most of the substances that the industrymanufactures are of complex and variable character it was neces-
sary to develop pragmatic approaches to hazard characterization.
Among these was the decision to initially test the complex sub-
stances themselves as these were the materials to which humans
were exposed. The concept was that when effects were observed
additional studies could be conducted to further characterize the
hazards and/or to better deﬁne the constituents contributing to
the toxicity. From the earliest days there were three fundamental
principles: (1) that the testing should start with ‘‘representative’’
substances that met product speciﬁcations and had compositions
that best approximated the averages across the industry; (2) that
if there were any speciﬁc constituents with unique hazards, these
should be present in the test samples at or above the upper limits
found in commercial substances (these test samples were referred
to as ‘‘reasonable worst cases’’); and (3) that in the absence of
information to the contrary, constituents of similar structure were
assumed to have similar toxicological properties. There are of
course exceptions to the principle of similarity such as benzene
and n-hexane. When the concentrations of classiﬁed constituents
exceed their classiﬁcation thresholds, their classiﬁcations are ap-
plied to the complex substance as described in more detail below.
Because of the complex and variable nature of the substances it
manufactures, the petroleum industry has used the ‘‘reasonable
worst case’’ approach in which test substances cover molecular
types, carbon number ranges, and, to the extent possible, the high-
est expected levels of hazardous constituents. This approach was
illustrated by a program administered by the American Petroleum
Institute on behalf of its member companies in the 1960s to
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ommending hygienic standards for hydrocarbons, as well as the
conﬁrmation or modiﬁcation of those standards which [had] al-
ready been adopted’’ (Carpenter et al., 1975). These studies inves-
tigated the hazards of volatile petroleum substances and
hydrocarbon solvents, using inhalation as the route of exposure.
In designing these studies it was recognized that the substances
in commerce contained varying levels of aliphatic (normal paraf-
ﬁns, isoparafﬁns, cycloparafﬁns) and aromatic constituents with
carbon numbers ranging from approximately C5–C10 with C5 con-
stituents having the lowest boiling points of substances existing in
the liquid state at room temperature and constituents greater than
C10 having such low vapor pressures that their contributions to
inhalation exposure were negligible. This led to the characteriza-
tion of 16 commercial substances covering the range of both
molecular type and carbon number. The studies were conducted
following a common design which included acute and repeated
dose studies in rats and dogs and there were also short term stud-
ies with human volunteers to assess the adequacy of recom-
mended occupational exposure limits.
Beginning in the late 1970s, the American Petroleum Institute
initiated a systematic attempt to characterize the hazards of the
principal types of petroleum products. The assessments included
a program to characterize the effects of relatively short term expo-
sures including acute toxicity, skin and eye irritation, allergic con-
tact dermatitis and two-weeks dermal application toxicity studies
of non-volatile substances (Beck et al., 1982). Other investigations
included studies of mutagenic (Conaway et al., 1982) and terato-
logical (Beliles and Mecler, 1982) potential of some speciﬁc sub-
stances. In some cases, these shorter term investigations led to
longer term studies, particularly chronic toxicity/carcinogenicity
studies of motor gasoline (MacFarland et al., 1984) and petroleum
coke (Klonne et al., 1987). In a review of the carcinogenicity studies
of gasoline Scala (1988) discussed the concept of a ‘‘reasonable
worst case’’ which he deﬁned as a study of a substance which
met the technical requirements but which had higher levels of spe-
ciﬁc constituents of concern than might normally be found in com-
mercial products. In the gasoline example, benzene was added to
the test sample to bring the overall level to 2%, reﬂecting the max-
imum levels in gasoline at that time. The elevated levels of renal
carcinoma in male rats observed in the chronic gasoline study were
later demonstrated to result from the alpha 2u-globulin mediated
process which was not relevant to humans (US EPA, 1991) and
2,2,4-trimethylpentane was identiﬁed as a model compound of re-
nal toxicity.
The ‘‘reasonable worst case’’ concept was very useful for hazard
identiﬁcation and in the development of management practices,
but there was a need to provide some boundary conditions, partic-
ularly with respect to which substances are sufﬁciently similar to
each other to permit the use of test results from one substance
to characterize the hazards of another. This led to the development
of categories.Table 1
Low boiling point naphthas (gasoline) category description.
Origin Derived from crude petroleum or
separated as a liquid from natural gas
Reﬁnery processes Atmospheric distillation, alkylation,
isomerization, catalytic cracking, thermal
cracking, catalytic reforming, catalytic
polymerization, hydrotreating,
hydrodesulfurization, hydrocracking,
coking
Hydrocarbon types Parafﬁnic, naphthenic, aromatic
Typical boiling point range 88 C to 260 C (126 F to 500 F)
Typical carbon number range C4–C123. The use of categories in evaluating petroleum substances
3.1. The development of categories
In concept a category is a group of substances with similar
properties such that the results of studies of any category member
are applicable to all category members. One deﬁnition of chemical
category, as deﬁned by OECD in 2007, is a group of chemicals with
physicochemical and toxicological properties that follow a regular
pattern as a result of structural similarities, i.e. structural similar-
ities create a predictable pattern in biological response (OECD,
2007). Chemical categories have been formed on the basis ofcommon functional groups, physicochemical properties and simi-
lar carbon ranges or chemical classes (Enoch, 2010). The initial at-
tempts by the petroleum industry to develop categories were
based primarily on end uses, in part because the requirement that
substances have common end uses constrains the physical and
chemical characteristics of the category members (See section
3.2). The underlying toxicological principle is that substances with
similar physical and chemical properties (for example boiling
ranges, molecular types, and carbon number ranges) should have
similar toxicological properties.
The primary beneﬁt in using categories for petroleum sub-
stances is to group substances to which a common set of hazard
data can be applied. Accordingly, the category deﬁnition should de-
scribe the criteria for inclusion of substances in the category to en-
sure that the category members will have sufﬁciently similar
physical/chemical properties. This deﬁnition should cover molecu-
lar features such as chain lengths, molecular weight ranges, and/or
the types of chemicals which should be included or excluded (En-
och, 2010). Hazard data for individual category members should
then be evaluated to determine whether there is a correlation
among the category members for the various hazard endpoints. If
there are insufﬁcient data to assess a particular hazard endpoint,
representative substances can be identiﬁed for further testing as
needed.
The reﬁning diagram shown as Fig. 1 shows examples of the
major product categories used by the European petroleum industry
to group petroleum substances for hazard evaluation as a means of
assisting the industry to comply with regulatory classiﬁcation
requirements (CONCAWE, 1995). More detailed information on
the criteria and category members are published elsewhere (Com-
ber and Simpson, 2006; CONCAWE, 2012). (Note that similar cate-
gory based approaches have been used by industry in meeting
other regulatory initiatives including the Existing Substances Reg-
ulation (European Union, 1993), the Dangerous Substances Direc-
tive (CONCAWE, 1995), and more recently the High Production
Volume initiative of the US EPA and the REACH (Registration, Eval-
uation, and Authorization of Chemicals) chemical control regula-
tions in Europe (European Commission, 2006).
Familiarity with reﬁning processes and possible chemical con-
stituents can guide category development. The gaseous petroleum
substances (C1–C4), for example, can be subdivided into ‘‘hydro-
carbon gases’’ (containing principally methane, ethane, propane
and butane) and ‘‘reﬁnery gases’’ which also contain inorganic con-
stituents that are ultimately removed in the reﬁning process. The
principal toxicological hazard of hydrocarbon gases is asphyxia-
tion; however, some of the substances in the reﬁnery gases cate-
gory can contain hydrogen sulﬁde and/or carbon monoxide
which have unique toxicological hazards that should be consid-
ered. Thus there are common hazard properties for the category
members but differentiating constituents which inﬂuence the
hazards.
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stances (reﬁnery streams) used to blend gasoline. A simple cate-
gory description for these low boiling point naphthas is shown in
Table 1.The common hazards of these substances include the po-
tential for acute central nervous system effects and the potential
to cause chemical pneumonitis if taken into the lung in the liquid
state. However, depending on the method of production, naphthas
may also contain benzene, toluene and/or n-hexane which have
unique toxic properties which should be considered for overall
hazard evaluation and classiﬁcation. Thus, the naphtha category
is similar to the gases category in that there are common general
hazard properties for all category members but differences in the
proportion of individual constituents that present other hazards.
Within some of the categories of higher-boiling substances (gas
oils, heavy fuel oils, lubricant base oils, aromatic extracts), the
presence of polycyclic aromatic compounds (PACs) may present
toxic hazards. Quantitation of individual polycyclic aromatic
hydrocarbons is commonly done but does not provide a reliable
indication of hazard because the majority of the PACs that are pres-
ent in petroleum substances have not been characterized analyti-
cally. Hence, the substances that contain potentially hazardous
levels of PACs are better distinguished by indicator tests that have
been developed by petroleum industry researchers (ASTM, 1995;
Mackerer et al., 2003). Categories can be devised to separate those
substances without PACs from those with potentially carcinogenic
concentrations, or both high and low toxicity substances can be
lumped together in the same category in which a speciﬁc level of
PACs in the IP346 test or a positive outcome in an optimized Ames
test can be used in decisions for speciﬁc substance classiﬁcation.3.2. Practical application of the category approach
Both the US and European petroleum industries have had prac-
tical experience with the use of categories for hazard evaluation.
Manufacturers in Europe were required to provide hazard classiﬁ-
cations for each substance under REACH in accordance with the
regulation on classiﬁcation, labeling and packaging (CLP) which
applies the terminology, evaluation principles, and criteria of the
UN Globally Harmonized System of Classiﬁcation and Labeling of
Chemicals (GHS). The EU REACH registration dossiers included a
report describing and justifying the use of categories and the sub-
stances assigned to each category; the classiﬁcation and labeling
recommendations for each substance have been summarized in a
recent industry report (CONCAWE, 2012).
The US petroleum industry also organized streams into broad
categories, beginning in 2002, in response to EPA’s voluntary High
Production Volume (HPV) chemical testing initiative (US EPA,
2000). This program required an evaluation of the extent to which
certain toxicological hazards had been characterized as well as
proposals to obtain any otherwise unavailable information.
Approximately 400 petroleum substances were evaluated in the
HPV program. In order to take maximal advantage of the available
information and to minimize the use of animals in testing, the
industry initially divided the substances into 13 categories based
largely on similarities of physical properties, methods of produc-
tion and end uses. The categories used to group the petroleum sub-
stances were: crude oil, gases (subdivided into hydrocarbon gases
and reﬁnery gases), naphthas, kerosene/jet fuel, gas oils, heavy fuel
oils, lubricant base oils, waxes, aromatic extracts, bitumens, grease
thickeners, petroleum coke, and reclaimed waste streams. All
available toxicology data were evaluated on a category basis to as-
sess both the similarity of ﬁndings and whether test data for ‘‘rea-
sonable worst case’’ substances were available to enable read-
across of the results to untested substance members of the
category.As indicated elsewhere (Gray et al., 2013), there was sufﬁcient
data identiﬁed in the HPV effort to assess the acute toxicological
properties of petroleum substances, but more limited data were
available on the hazards from repeated exposure. Accordingly, a fo-
cus of the HPV program was to characterize the potential for petro-
leum substances to cause target organ and/or developmental
effects. For high boiling petroleum substances (deﬁned as having
a distillation range extending above 650 F), it was found that spe-
ciﬁc target organ effects (e.g. bone marrow and blood cell forma-
tion), and developmental toxicity (particularly effects on
resorption and fetal survival) are due to the types and levels of
polycyclic aromatic constituents (PAC) that these substances con-
tain. Models were developed based initially on results of animal
toxicity studies related to sample compositions which enabled
these outcomes to be predicted from compositional information
alone (Nicolich et al., 2013; Roth et al., 2013; Murray et al.,
2013). The new information obtained in the context of the HPV
program along with outcomes predicted using these new models,
provided sufﬁcient data to allow the petroleum industry to charac-
terize the hazards of its substances. In very broad terms, it was
shown that some of the toxicological hazards of petroleum sub-
stances in the various categories are similar across the categories.
In other cases, there are differences in toxicological hazards of spe-
ciﬁc category substances due to the constituents that the sub-
stances contain, but these differences can be evaluated based on
compositional information.
The EU and US efforts both had as their goal the logical grouping
of similar substances to make better use of existing hazard data, i.e.
to guide when it is appropriate to use data from one substance to
characterize the hazards of another. Further experience with the
category approach and additional test data may result in reﬁne-
ments and improvements in category deﬁnitions or result in the
creation of subcategories. It has been observed that endpoints such
as acute toxicity and irritation are similar among petroleum cate-
gory members, and that hazardous constituents should be consid-
ered in assessing chronic toxicity endpoints. In fact, the presence of
hazardous constituents as one basis for classiﬁcation of carcinoge-
nicity, mutagenicity and reproductive toxicity (CMR) hazards re-
ceives special attention in the GHS guidance (United Nations,
2011). To the extent that these differentiating characteristics are
important from a hazard identiﬁcation perspective, they can be-
come a basis for further subdividing categories (or they can be as-
sumed to relate to all category members on a ‘‘worst case’’ basis).
Use of such a ‘‘worst-case’’ approach introduces a reasonable level
of conservatism in hazard assessment based upon read-across.
An important practical beneﬁt of the use of chemical categories
comes from EPA’s experience in their New Chemical Testing pro-
gram. It was reported that additional animal testing to ﬁll data
gaps was only needed for 6% of the 1257 chemicals that were as-
sessed, since data were available for 50% of the chemicals and haz-
ards could be predicted for a further 44% of the chemicals using
read-across methods (US EPA, 2010). In the HPV effort by the
petroleum industry, hazards of approximately 100 substances in
the petroleum gases category were characterized with data from
ﬁve category members.4. Classifying petroleum substances using the globally
harmonized criteria
The Globally Harmonized System of Classiﬁcation and Labeling
(GHS) uses the term hazard classiﬁcation to describe the identiﬁca-
tion and review of relevant hazard data and the decision on
whether the substance or mixture will be classiﬁed as a hazardous
substance or mixture, based on harmonized hazard determination
criteria. ‘‘Substances’’ are deﬁned as chemical elements and their
Table 3
Ingredient concentration limits triggering GHS classiﬁcation.
Ingredient concentration limits triggering classiﬁcation
Hazard endpoint Concentration threshold (percent)
GHSa EUb USc
Carcinogen
Category 1A or 1B 0.1 0.1 0.1
Category 2 0.1 or 1.0 1 0.1
Germ cell mutagen
Category 1A or 1B 0.1 0.1 0.1
Category 2 1.0 1 1.0
Reproductive toxin
Category 1A or 1B 0.1 or 0.3 0.3 0.1
Category 2 0.1 or 3 3 0.1
Lactation effects 0.1 or 0.3 0.3 0.1
Target organ repeat exposure
Category 1 1.0 or 10 10 1.0
Category 2 1.0 or 10 10 1.0
a United Nations (2011).
b CONCAWE (2012).
c Federal Register (2012).
414 C.R. Clark et al. / Regulatory Toxicology and Pharmacology 67 (2013) 409–420compounds in the natural state or obtained by a production pro-
cess, while ‘‘mixtures’’ are a combination or a solution composed
of two or more substances in which they do not react. Because
the procedure for classifying substances is different than for mix-
tures, it is important to distinguish between the two.
GHS also establishes the principle that where test data are
available for a substance or mixture, then the classiﬁcation of the
substance or mixture should be based on those data. For mixtures,
the exception is that when evaluating carcinogenicity, mutagenic-
ity and reproductive toxicity (CMR) endpoints, data from individ-
ual constituents which are classiﬁed for CMR hazards should be
considered ﬁrst (i.e. the ﬁrst tier of the evaluation process) using
the appropriate threshold concentrations. Classiﬁcation for CMR
endpoints can only be modiﬁed on a case-by-case basis when data
on the mixture as a whole provide conclusive evidence of the haz-
ard or lack thereof. GHS does not speciﬁcally address the UVCB
substances, the focus of this paper, but does mention that classiﬁ-
cation should consider all relevant information obtained by appro-
priate and reliable methods.
Petroleum streams are considered substances rather than mix-
tures. They are known to contain certain constituents which may
be particularly toxic. GHS recognizes that certain substances con-
tain multiple chemical constituents and advises that where indi-
vidual constituents have been identiﬁed and are themselves
classiﬁed, they should be taken into account if they exceed the
cut-off value/concentration limit for a given hazard class (United
Nations, 2011, Section 1.3.3.1.3). This advice is relevant to the pos-
sible hazardous constituents in UVCB substances, including petro-
leum streams. GHS is silent on whether constituent data should
supersede data on the ‘‘substance’’ for CMR endpoints when eval-
uating substances with many chemical constituents like petroleum
UVCBs.
The ﬁrst step in the evaluation of a petroleum substance is to
ensure that it has been properly identiﬁed. The CAS deﬁnition of
the substance, which typically contains distillation and carbon
number ranges and information on predominant hydrocarbon
types should be consulted. This is particularly important when
using the category approach since the physicochemical properties
of the substance will determine the appropriate category for theTable 2
Examples of potentially hazardous constituents in petroleum product c
Petroleum product groups Relevant hazard classes
Crude oil Carcinogenicity, mutage
reproductive effects, acu
Petroleum gases Carcinogenicity/mutage
acute toxicity
Naphthas/Gasolines Carcinogenicity/mutage
Speciﬁc target organ tox
Kerosines Reproductive effects
Carcinogenicity
Gas oils Carcinogenicity, reprodu
Heavy fuel oil Carcinogenicity, reprodu
acute toxicity
Aromatic extracts Carcinogenicity, reprodu
Lubricant base oils Carcinogenicity, reprodu
Waxes ————
Bitumens (asphalts) and ————
vacuum residues
Petroleum cokes ————
a Hydrogen sulﬁde is an acutely toxic gas, which can be released fr
b Benzene is classiﬁed by IARC as a Group 1 carcinogen (‘Carcinoge
c ‘‘Polycyclic Aromatic Constituents’’ is a term which includes bot
nitrogen heterocyclic molecules which are believed to have similar tox
Hydrocarbons (PAH) are classiﬁed as IARC Group 1 or 2 carcinogens.
d 1,3-Butadiene is classiﬁed by IARC as a Group 1 carcinogen.
e Naphthalene is classiﬁed by IARC as a Group 2B carcinogen.
f n-Hexane is considered a reproductive toxin, GHS Cat 2 (fertility)
g Toluene is considered a reproductive toxin GHS Cat 2 (developmesubstance. API’s TSCA Inventory of Petroleum Streams provides
an organized listing of streams by processing step (API, 1983). Note
that some substances may not ﬁt into a category because their
physical or chemical characteristics are such that they do not meet
the criteria for inclusion into a category. In these cases, the sub-
stances should be evaluated independently.
The next step is to identify and review appropriate hazard data
available for the substance. Where data are not available for the
substance and the category approach is being used, review data
for a similar substance (read-across data) in the same product cat-
egory. After reviewing the data, apply the GHS hazard criteria for
each hazard endpoint to determine whether the weight of evi-
dence warrants classiﬁcation for that hazard. Extrapolating data
from a tested to an untested category member should be done with
caution, particularly if the substance has constituents classiﬁed for
CMR hazard endpoints.ategories.
Possible hazardous constituents
nicity, aH2S, bBenzene, cPAC
te toxicity
nicity, d1,3-Butadiene, Benzene, H2S
nicity Benzene, eNaphthalene
icity fn-Hexane, gToluene, Benzene
n-Hexane, Toluene, Xylenes
Naphthalene
ctive effects cPAC, Naphthalene
ctive effects, PAC, H2S
ctive effects PAC
ctive effects PAC
————
H2S
————
om some groups of petroleum substances.
nic to humans’).
h Polycyclic Aromatic Hydrocarbons (PAH) and also sulfur and
icological properties. Several 3–7 fused-ring Polycyclic Aromatic
Others are not classiﬁed or non-classiﬁable.
.
ntal effects).
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ation of known hazardous constituents that may be present in cer-
tain petroleum substances. Table 2 provides examples of
hazardous constituents that may be present in petroleum sub-
stances, by hazard category. This should be viewed as a guide since
the crude oil source and reﬁning processes can signiﬁcantly in-
crease or decrease the occurrence of hazardous constituents, e.g.
benzene and PAC and the concentrations of the constituents can
vary from reﬁnery to reﬁnery. When the concentration of the haz-
ardous constituent exceeds the threshold or cut-off value for a par-
ticular hazard endpoint, classiﬁcation for that hazard may be
appropriate. The threshold concentrations for various hazards
can vary between countries, particularly for CMR categories; in
the EU the use of regulatory and oil industry ‘‘notes’’ specify de-
fault hazards which must be assigned unless the presence of the
hazardous constituent can be demonstrated at concentrations be-
low the level of concern (CONCAWE, 2012). Table 3 summarizes
differences in threshold concentrations between the US and EU,
as well as indicating those recommended by GHS.5. Harmonization issues
The goal of the Globally Harmonized System is to provide a
common basis globally to classify chemical hazards and to commu-
nicate those hazards. Successful global implementation of the sys-
tem relies on a variety of different factors including:
 the extent to which competent authorities adhere to the guid-
ing principles in implementing GHS in their chemical manage-
ment programs and adopt the GHS building blocks;
 accurate application of the GHS hazard criteria by those classify-
ing physical, health and environmental hazards of chemicals; and
 data quality – the use of relevant and reliable studies which
adequately address the endpoint being addressed. Guidance
from Klimisch et al. (1997) can be very useful in addressing data
quality issues.
Persons involved in the evaluation of chemical hazards should ad-
here to the technical criteria for assigning hazard classiﬁcations and
use appropriate studies. GHS provides general guidance on applica-
tion of the hazard criteria,weight of evidence, anddata quality. Accu-
rate characterization of petroleum streams requires identiﬁcation of
the most relevant studies and may require professional judgment in
reviewing reﬁning history and composition of the substance when
using read-across data from a similar material. Not every individual
or manufacturer will arrive at the same hazard classiﬁcations for a
particular substance. Because of the complexity of UVCB substances,
legitimate differences in classiﬁcation of the same substance identi-
ﬁed by CAS number are possible as a result of differences:
 In the concentration of a particular hazardous constituent.
 In country thresholds for classiﬁcation of a particular hazard
endpoint (Table 3).
 In country regulations or requirements.
Since hazard evaluation requires expert judgment, classiﬁcation
differences may also arise from differences in data interpretation.
Accordingly, differences in classiﬁcation for a particular petroleum
substance, or among substances in the same category are not nec-
essarily contradictory or incorrect.6. Conclusions
Although petroleum substances appear problematic from a haz-
ard classiﬁcation perspective, this can be simpliﬁed by sorting thesubstances into categories with similar toxicological properties;
however, constituents should be closely scrutinized for particular
toxicological properties. When these constituents are present at
or above classiﬁable limits, their classiﬁcations should be consid-
ered in the evaluation of the complex substances in which they ap-
pear. This paper explains how the category approach can be used
to classify complex petroleum substances in accordance with the
requirements of the Globally Harmonized System (GHS).
The consistent classiﬁcation of petroleum streams under GHS
presents challenges that require both an understanding of the
reﬁning and blending of streams into products, as well as an appre-
ciation of the presence of potentially hazardous constituents. Be-
cause of the difﬁculty in estimating hazards based strictly on
component analyses, and because real world exposures are to the
complex substances, most of our current understanding about
petroleum substance hazards has come from the testing of petro-
leum substances rather than of their individual constituents.
Industry efforts to characterize hazards have led to a systematic
approach that provides a logical basis for consideration of data
on similar substances, as well as a consistent and transparent basis
for classiﬁcation using GHS principles and hazard criteria.
The use of product categories to group similar substances for
hazard evaluation purposes permits better informed extrapolation
of data between category members which can reduce the amount
of animal testing required. Furthermore, it can provide estimates of
potential hazard for chemicals which might otherwise not be as-
sessed for lack of data. Accurate hazard characterization requires
that the categories have well-deﬁned criteria for the inclusion of
substances that can be assigned to that category. As additional haz-
ard data becomes available, conclusions about categories generally
and the substances that they contain individually should be re-
examined to assure that they remain supportable. Finally, because
certain product categories are known to contain potentially haz-
ardous constituents, the evaluation process should always consider
whether those constituents are present at levels that contribute to
toxicity. If the concentration of those constituents is unknown or
could vary, health conservative classiﬁcation and labeling for that
hazard may be appropriate.
Differences in the concentration of a particular hazardous con-
stituent, or differences in country thresholds for classiﬁcation of a
particular hazard endpoint can result in legitimate differences in
the classiﬁcation of a particular petroleum substance among man-
ufacturers, or between different countries. This sector-speciﬁc
guidance should promote globally consistent application of the
GHS principles for classiﬁcation of petroleum substances regard-
less of regional or national differences in GHS implementation.
Petroleum substances comprise only a portion of the numerous
UVCB substances in commerce, and it is likely that persons respon-
sible for hazard characterization of other UVCB substances will face
similar challenges in applying the GHS principles and hazard crite-
ria to those UVCB substances. More speciﬁc guidance on the treat-
ment of UVCB substances would be a welcome addition to future
versions of The Purple Book.Conﬂict of interest statement
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Appendix A. Toxicology summary for major petroleum product
categories
The following provides brief summaries of the toxicology of
substances contained in major petroleum product groups. It is in-
tended as a general guide to the acute toxicity (lethality, irritation,
aspiration hazard, CNS depressant effects) of substances in those
product groups and not as classiﬁcation recommendations, since
the results reﬂect those obtained by the category members that
have been tested to date in those categories. It also provides an
indication of the presence of certain hazardous constituents which
might inﬂuence evaluation for toxicity end points relevant to those
constituents, in the absence of data on the whole substance. These
hazardous constituents are summarized in Table 2. Note that
hydrogen sulﬁde gas (H2S), which is included in the list of potential
hazardous constituents, is shown for its potential acute toxicity.
H2S is often found in crude oil and gas streams. It can be purged
from the streams but may regenerate from sulfur compounds
depending upon conditions of storage, transport and processing.
While the levels are usually below those required to classify for
acute toxicity, H2S can reach hazardous concentrations in the
headspace of storage tanks and transport vessels for certain types
of petroleum substances.
Note also that the descriptions of acute toxicity below may tend
toward worst case. The irritation data for crude oil, for example,
can range from non-irritating to moderately irritating to the eyes
and skin, but for hazard classiﬁcation and communication pur-
poses, potential for irritation is assumed, More detailed informa-
tion can be found in the references cited for each group.
Crude oils
There is a single CAS number for Petroleum (commonly called
crude oil), a complex substance of variable composition identiﬁed
by CAS number 8002-05-9 which encompasses light, medium and
heavy petroleums as well as the natural bitumen extracted from oil
sands. Hydrocarbonaceous materials requiring major chemical
changes for their recovery or conversion to petroleum reﬁnery
feedstocks such as crude shale oils, upgraded shale oils and liquid
coal fuels are excluded from the CAS deﬁnition for crude oil.
The principal acute hazard of crude oil is related to exposure by
inhalation to volatile constituents (i.e., benzene, toluene, hydrogen
sulﬁde), but it is not acutely toxic if ingested or following dermal
contact. Crude oils may produce mild to moderate skin and eye
irritation but do not produce allergic contact dermatitis. Hazards
associated with repeated exposure are principally related to the
presence of polycyclic aromatic compounds (PACs1). Depending
on the levels of PAC, crude oils may produce skin tumors in mice (Re-
nne et al., 1981; Lewis et al., 1984; McKee et al., 1986; Clark et al.,
1986), target organ effects (Leighton, 1990; Feuston et al., 1997a)
and developmental toxicity in rats (Khan et al., 1987; Feuston1 Polycyclic aromatic hydrocarbons (PAH) are molecules composed of carbon and
hydrogen which, for purposes of this paper contain > 3 aromatic rings. Polycylic
aromatic compound (PAC) is a more generic term which includes PAH as well as
molecules with sulfur and/or nitrogen heterocycles.et al., 1997b). They may also be mutagenic in optimized Salmonella
tests (Lockhard et al., 1982; Cragg et al., 1985) but are not mutagenic
when tested in in vivo bone marrow assays (API, 2011a). Crude oil
may also contain hydrogen sulﬁde (H2S) and/or benzene. Depending
on the levels present, these constituents may present hazards be-
yond those associated with crude oil in a generic sense (API,
2011a; McKee et al., 2014a).
Petroleum gases
Petroleum gases are low molecular weight hydrocarbons (C1–
C4) that exist in the gaseous state at room temperature. These sub-
stances, which are used principally for fuel gases, are considered to
be simple asphyxiants (Drummond, 1993) and were reported as
not mutagenic in Salmonella tests (Kirwin and Thomas, 1980). Re-
peated dose/reproductive toxicity screening tests have been con-
ducted on ethane, propane, n-butane and isobutane, and, in
addition, 90-days and developmental toxicity studies were con-
ducted on liqueﬁed propane gas (LPG). The tests conﬁrmed that
these gaseous hydrocarbons are not acutely toxic, do not produce
target organ effects and do not cause developmental or reproduc-
tive effects. Additionally they are not mutagenic when tested in
bone marrow assays under in vivo conditions (API, 2009; McKee
et al., 2014b). It should be noted, however, that in some cases
the gas streams may contain H2S, and in some cases higher molec-
ular weight hydrocarbons including benzene may be entrained in
the gas streams. Additionally, some reﬁning processes, particularly
catalytic cracking can produce streams containing 1,3-butadiene. If
present above classiﬁcation limits, H2S, benzene and/or butadiene
should also be considered in the overall evaluation of those gas-
eous streams in which they appear.
Low boiling point naphthas
Petroleum naphthas are streams used principally to blend mo-
tor gasoline and contain hydrocarbon constituents with carbon
numbers in the range of C4–C12. The principal acute hazards of
naphthas include the potential for narcotic effects if inhaled at high
concentrations and for chemical pneumonitis if taken into the
lungs as liquids. However, naphthas are not acutely toxic by oral
or dermal routes and are typically only mildly irritating to the skin
and eyes. They do not cause allergic contact dermatitis, and they
are not mutagenic. In repeated dose studies naphthas produce
few effects other than liver enlargement, a compensatory effect re-
lated to the increased metabolic demands, but, depending on the
types of constituents, some naphthas can also produce changes
in male rat kidneys by a process (a-2u globulin-mediated nephrop-
athy) which is male rat speciﬁc and not relevant to humans (API,
2008; Schreiner et al., 1998, 2000; Lapin et al., 2001; Dalbey
et al., 1996a; McKee et al., 2014c). Naphthas are not selective
developmental toxicants (Bui et al., 1998; Dalbey and Feuston,
1996b; Schreiner et al., 1999; Roberts et al., 2001; McKee et al.,
2014c), nor do they appear to be reproductive toxicants despite
the presence of constituents (e.g. toluene and n-hexane) identiﬁed
as having unique reproductive or developmental effects (Hoffman,
2008; Trimmer 2008).
Gasoline vapor did not produce effects when tested in a two-
generation reproductive toxicity test (McKee et al., 2001). In carci-
nogenesis studies, exposure of rats to fully vaporized gasoline by
inhalation resulted in an increased incidence of kidney tumors in
male rats and liver tumors in female mice (MacFarland et al.,
1984). The kidney tumors were later shown to be the consequence
of the alpha 2u-globulin-mediated process described above and
not relevant to humans. The liver effects in female mice may have
been secondary to liver or body weight changes. However, as noted
above, depending on the methods of production, naphthas may
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toluene and/or n-hexane which should be considered in the evalu-
ation of naphtha streams.
Kerosenes
Kerosenes are substances with carbon numbers in the range of
approximately C9–C16, and have a variety of uses, but are used pri-
marily as fuel for jet engines. Kerosenes are not acutely toxic and
do not produce eye irritation or allergic contact dermatitis, but
they may be skin irritants (Beck et al., 1982; API, 2010), and they
can produce chemical pneumonitis if taken into the lungs in liquid
form. Kerosenes do not produce systemic effects other than liver
enlargement and they have not caused developmental (Cooper
and Mattie, 1996) or reproductive (Mattie et al., 2000) toxicity in
repeated exposure studies. Kerosenes are not mutagenic (McKee
et al., 1994), but can produce skin tumors in mice in repeated dose
dermal application studies (Nessel et al., 1998), apparently by a
process of repeated irritation as they are not mutagenic and do
not act as carcinogenic initiating agents (Nessel et al., 1999). Be-
cause of the distillation range, kerosenes are unlikely to contain
appreciable levels of benzene or n-hexane, but they may contain
naphthalene at concentrations above 0.1%.
Gas oils
Gas oils which have carbon numbers in the range of approxi-
mately C9–C30 are used principally to produce diesel fuel and
home heating oils. Gas oils are not acutely toxic (Beck et al.,
1982), although the potential for aspiration hazards should be con-
sidered. They are potentially irritating to the skin and may cause
mild eye irritation, but do not produce allergic contact dermatitis.
The principal toxicological hazard resulting from repeated expo-
sure to the substances in this category is skin cancer which is re-
lated to the presence of polycyclic aromatic hydrocarbon
constituents, in gas oils with high levels of PAC. (Gas oils produced
in cracking processes which are known to have high PACs have
been identiﬁed as a separate category as noted earlier in the pa-
per). Low PAC-containing (aliphatic) gas oils can produce dermal
cancer in mice with repeated application, but as with the kerose-
nes, this seems to involve a non-genotoxic (i.e., promotional, per-
haps involving skin irritation) mechanism since aliphatic gas oils
are not mutagenic or carcinogenic initiating agents (Nessel et al.,
1998, 1999).
Aliphatic gas oils are not developmental toxicants and produce
minimal target organ toxicity (API, 2011b; McKee et al., 2014d). In
contrast, the more aromatic gas oils, particularly those with high
molecular weight aromatic constituents, can produce target organ
and developmental effects (API, 2011c) and may also be mutagenic
in optimized Salmonella assays and are carcinogenic initiating
agents (Jungen et al., 1995). The data suggest that the toxicological
properties are related to the types and levels of aromatic constitu-
ents that may be present in speciﬁc substances. In the gas oil cat-
egory, the PAC contents may be used to distinguish the more
aliphatic gas oils, primarily derived from atmospheric distillation,
from the more aromatic gas oils, in particular those produced from
processes such as catalytic cracking.
Heavy fuel oils
Heavy fuel oils (HFOs) are essentially the reﬁnery streams that
remain after the more valuable lighter fuel hydrocarbons have
been removed and include the substances with the highest levels
of PACs (API, 2011c). These substances are used to manufacture
fuels for industrial boilers and marine diesel engines. HFOs are
not acutely toxic but can cause toxicological effects with repeateddermal treatment including target organ (Cruzan et al., 1986; Feu-
ston et al., 1994; McKee et al., 2014e) and developmental effects
(Feuston et al., 1989; Feuston and Mackerer, 1996a,b; Hoberman
et al., 1995a; McKee et al., 2014e), although they do not affect fer-
tility (Hoberman et al., 1995b). HFOs are mutagenic in Salmonella
tests (Blackburn et al., 1984, 1986) but not in in vivo tests for muta-
genic potential (McKee et al., 2010), and some can cause skin can-
cer in repeated application studies in mice (McKee et al., 1990).Lubricant base oils
Lubricating base oils (LBOs), substances with carbon numbers in
the range of C20–C50 that are derived from the residuum from
atmospheric distillation, are separated by vacuum distillation to
produce lubricant base oil streams of differing viscosities. The dis-
tinguishing feature of LBOs is that the products of vacuum reﬁning
may contain PACs which are then removed by various processes
during the manufacture of ﬁnished oils. None of the LBOs is acutely
toxic (Beck et al., 1982), or irritating, but the lower viscosity oils
may be aspiration hazards. Because the unreﬁned or minimally re-
ﬁned oils may contain PACs, they may be carcinogenic (see for
example Chasey and McKee, 1993) and are also mutagenic in Sal-
monella tests (Blackburn et al., 1984, 1986; API, 2011d).
Because reﬁned LBOs contain very low levels of PACs, they are
not mutagenic or carcinogenic and do not produce target organ
or developmental effects (Chasey and McKee, 1993; Mackerer
et al., 2003; API 2011d; Dalbey et al., 2014a). However the poten-
tial for such effects can be predicted from information on PAC lev-
els and distributions (Nicolich et al., 2013; Murray et al., 2013;
Roth et al., 2013). Because of the hazards associated with the
PAC constituents, screening tests including the IP-346 test and
the optimized Salmonella assay have been developed to differenti-
ate the potentially hazardous LBOs from those which have been
more highly reﬁned and are not toxic (Blackburn et al., 1984,
1986; Institute of Petroleum, 1993; Mackerer et al., 2003).Aromatic extracts
Aromatic extracts are the condensed ring aromatic fractions
separated and removed from LBOs by solvent extraction during
reﬁning; they are often divided into those derived from distillates
and those coming from residual substances. They have been used
historically in some specialized applications but are nowmore typ-
ically used as feedstocks to other processing units which destroys
aromatics. The distillate aromatic extracts are derived from lower-
boiling distillate streams that due to distillation properties nor-
mally have higher levels of PACs than the higher boiling residual
aromatic extracts derived from residual streams. Distillate aro-
matic extracts are not acutely toxic (API, 2012). They are muta-
genic in Salmonella (Blackburn et al., 1984, 1986) and
carcinogenic when tested in dermal application studies in mice
(Doak et al., 1985; Chasey and McKee, 1993). Distillate aromatic
extracts can also produce target organ and developmental toxicity
with the potential for such effects being related to the levels and
types of aromatics that they contain (Feuston et al., 1994, 1996c;
Feuston and Mackerer, 1996a; Dalbey et al., 2014b). However, it
is unlikely that distillate aromatic extracts would produce repro-
ductive effects as HFOs with even higher levels of high boiling aro-
matic constituents had no effects on fertility (Hoberman et al.,
1995b). Residual aromatic extracts are similarly not acutely toxic
but may or may not have hazards depending on the reﬁning pro-
cesses employed. It is important that the PAC concentrations be
known before an accurate evaluation can be made. Additional
guidance can be found in CONCAWE Report No 12/12 (2012).
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Waxes are parafﬁnic constituents that are removed from re-
ﬁned LBOs during the reﬁning process. They have low acute toxic-
ity, are not irritating and not known to cause chronic toxicity.
Because they are obtained from oils which have had the PACs re-
moved, they are similarly neither contaminated by toxic constitu-
ents nor hazardous. Accordingly the classiﬁcations of waxes should
be the same as the classiﬁcations of the LBOs from which they are
derived.Bitumens
Bitumens (asphalt) are manufactured primarily from the resid-
uum from vacuum distillation. They are not acutely toxic, do not
cause target organ toxicity, and are not reproductive or develop-
mental toxicants (Parker et al., 2011). The principal hazards associ-
ated with bitumens relate to use conditions under which the
bitumen is heated to allow the bitumen (or asphalt) to be applied
to surfaces. The heating process results in the production of fumes
which may produce irritation. Condensed fumes which were col-
lected over bitumen storage tanks have produced evidence of der-
mal carcinogenicity which may be dependent on the temperature
of the heated material (Clark et al., 2011; Freeman et al., 2011).
Similar fume condensates did not produce carcinogenicity in a
24-months inhalation study in rats (Fuhst et al., 2007) nor did they
produce reproductive toxicity in screening tests conducted via
inhalation (Parker et al., 2011).Petroleum coke
Petroleum coke is a black solid obtained mainly by cracking and
carbonizing of residue feed stocks and from the distillation of hea-
vier petroleum oils. It consists primarily of inorganic carbon
although the raw coke (green coke) may contain up to 15% very
high molecular weight residual hydrocarbon. The principal hazard
associated with coke is that coke dust can accumulate in the lungs
if inhaled at high levels (McKee et al., 2014f).References
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